Abstract -Mobile network operators urgently need to scalable and reliable mobility management solutions to cope with the explosive increase of the mobile users and internet traffic. Although the network-based PMIPv6 protocol is considered the favorable solution to solve the problems of host-based MIP protocol, these protocols are based on centralized mobility management CMM scheme. Current mobility solutions posing several challenges due to heavily centralized architecture. Furthermore, the future 5G networks are based on flat infrastructures to reduce the load in the network core. The distributed mobility management DMM scheme is introduced recently to overcome the problems of CMM. Additionally, to maintain the heterogeneity of future wireless networks, IEEE 802.21 Media Independent Handover (MIH) framework identifies the structure and services to provide seamless handover in heterogeneous networks. In this paper, we develop an efficient network-based fully DMM scheme based on the cross layer design of layer 2 MIH and layer 3 PMIPv6 protocols. The proposed approach removes any central anchor node in the network infrastructure and also eliminates any layer 2 and layer 3 signaling between the mobile node and the access networks. The numerical evaluation shows that the efficient approach gives enhance handover performance in terms of signaling cost, handover latency, and packet loss.
I. INTRODUCTION:
The increasing numbers of mobile devices such as smart phones and tablets from one hand and the demands for more traffic bandwidth from the other, led to many challenges in the wireless technology. According to the mobile networks operator's, the traffic of the mobile devices increased dramatically during the last few years and it is expected to exceed that of the fixed devices in near future.
Additionally, the mobile networks operator's tend to develop their infrastructures to fully IP-based networks to improve their capabilities to provide all types of services: voice, video, and data. Under these circumstances, the mobility management for Next Generation Wireless Networks (NGWN) becomes increasingly important to support ubiquitous service continuity for mobile users, not only in homogenous access networks of the same technology, but also in heterogeneous access networks of different technologies.
Several mobility management protocols have been standardized by Internet Engineering Task Force (IETF), such that the host-based MIPv6 and the network-based PMIPv6. The problems of the host-based approach that coming from the Mobile Node (MN) involvement in mobility related signaling, like power consumption and requirement to change the protocol stack, make the network-based approach to be the favorable solution for NGWN [1] [2] . These protocols and their extensions are deployed in a Centralized Mobility Management (CMM) scheme where all the mobility control signals and the data traffic routing pass through a centralized anchor node. However, the CMM scheme prone to several limitations and problems such as lack of scalability, nonoptimal routes, vulnerability to single point of failure and attack, and unnecessary mobility functions support to users that do not need support [3] . Therefore, IETF introduced recently the Distributed Mobility Management (DMM) working group to solve the above limitations and problems.
The future 5G mobile networks such as latest versions of WiMAX and LTE are expected to come with more flexible and flat IP architecture and supported with Internet services closer to the users. This is required to reduce the congestion in the mobile's network core and provide an improved service to the users [4] . The DMM paradigm complies with this trend, where the DMM adopts a flatten system by moving the mobility functionalities closer to user and distributing the control and data planes at the edge of the access network. Generally, the DMM can be classified into two approaches, partially DMM in which only the data plane is distributed while the control plane is kept centralized, and fully DMM where both the control and the data planes are distributed.
As the DMM scheme becomes increasingly important area of interest, several works have been proposed to develop DMM solutions, such as [5] [6] [7] [8] [9] [10] . However, most of these works have only focused on the partially DMM approach and too little attention has been paid to fully DMM approach [10] . Keeping the control plane centralized towards cardinal node used as information store in partially DMM may lead to some of the same problems in the CMM scheme. Therefore, fully DMM can be considered the most promising approach for NGWN because of distributing both the control and data planes at the network edge.
wireless networks environment, we use the IEEE 802.21 Media Independent Handover (MIH) framework which identify the structure and services to provide seamless handover in heterogeneous wireless networks.
The remainder of this paper is organized as follows: Section 2 presents a brief overview of DMM approaches and architectures. Section 3 describes in detail an efficient solution for network-based fully DMM approach. The numerical evaluation of the proposed efficient approach is explained in section 4. Finally, section 5 concludes this paper.
II. DISTRIBUTED MOBILITY MANAGEMENT
Deployment of new mobility management solutions can be challenging, and debugging difficult, when they co-exist with solutions already deployment in the field [3] . Moreover, since the DMM is in the early stage of standardization, the DMM charter focuses on the development of the existing IETF protocols to work in a distributed manner. The network-based DMM is derived from the existing architecture of networkbased PMIPv6 protocol with some modifications in the key terms, message formats and functionalities.
The core components of a PMIPv6 protocol are Mobile Access Gateway (MAG) and Local Mobility Anchor (LMA). The MAG performs mobility related signaling, tracks the movement of the MN and authenticates the MN by exchanging binding messages and establishing a tunnel with LMA. The LMA is a topological anchor point for the MN's that stores all the routing information and MN's Home Network Prefix (HNP) to ensure MN's reachability state in the corresponding local domain [2] .
To modify PMIPv6 protocol to work in DMM, the MAG and LMA with some or all functionalities should deploy in the default access router of the MN. Hence, the access router provides the IP connectivity to the MN and also supports the mobility management functionalities, so it is referred by Mobility Anchor and Access Router (MAAR). Each MAAR has a unique set of prefixes assigned to the MN's attached to that MAAR and they are routable through MAAR area [10] .
The DMM scheme can be classified into two approaches: partially and fully DMMs. In partially DMM, the data plane is distributed and managed by the MAARs at the network edge, while the control plane is kept centralized and managed by a central data base referred by Central Mobility Database (CMD). Every MN registration and movement from one MAAR area to another is updated in the CMD through Proxy Binding Update (PBU) and proxy Binding Acknowledgement (PBA) messages [11] .
Exchanges the binding messages with the network core in partially DMM may add large handover latency similar to CMM scheme, and this will affect the handover performance especially for real time services of future networks. Furthermore, the 5G evolving direction is the constant decrease in the sizes of the cells that are being deployed, with sizes that range from macrocells to the most modern small femtocells. This direction aims at improving the capacity and cost of the resources that are deployed as well as resource (e.g., spectrum) use. Reducing the cell sizes increase the possibilities of handover during MN movement, and hence, raising the binding messages with CMD at the network core. This adds more handover latency and then mobility performance degradation.
Consequently, the existence of a central entity like CMD may lead to the same problems of the CMM; therefore, the fully DMM approach removes any central entity in the infrastructure where the control plane and the data plane are completely distributed on the MAARs. In other words, in fully DMM, all the functionalities of the MAG and the LMA are collapsed in the MAAR.
In partially DMM, the MAARs leverage on the CMD to access and update MN information such as last anchored MAAR of an MN, hence, when removing the CMD in fully DMM, the information lack of the previous MAAR address is considered the main issue. Therefore, when the MN moves to a coverage area of another MAAR, the new MAAR needs to know the address of the previous MAAR to carry the data flow anchored on it. Figure 1 explains the network structure of partially and fully DMM approaches.
One of the vital solutions to this issue is the IEEE 802.21 MIH framework. This framework designed to maintain seamless mobility handover across heterogeneous wireless technologies. Generally, the MIH protocol assigns information exchange that support topological and location information of service networks, neighbor networks, and the condition of the wireless link [13] .
The MIH introduces two network entities; Point of service (PoS) to manage the communication between the network and the MN under MIH, and Point of Attachment (PoA) refers to access point which provides the wireless link at the network edge. Furthermore, the MIH defines MIH Functions (MIHF) used to collect information from both MN and network infrastructure. [13, 14] . The development of a fully DMM mechanism using the common way of integration between the developed networkbased PMIPv6 and the messages of MIH protocol is shown in figure 2 [10] . Note that the MAAR will perform all the functionalities of the MAG and LMA of the existing PMIPv6 protocol and therefore it provides all the IP mobility management operations which are mainly L3 signaling, while MIHF, MIIS, PoS and PoA are related to MIH protocol and mainly support L2 signaling. The handover latency (HL) can be expressed by the equation below, where D refers to the delay:
However, this approach has been presented in our previous work [10] , we refer to it by common approach. This approach shows a major drawback which is the presence of several wireless signals between the MN and the access networks. This drawback makes this approach of using modified PMIPv6 and standard MIH functionalities no longer networkbased. Furthermore, it consumes MN battery power and adds large handover latency due to wireless delay. However, the trend of the future 5G networks is to reduce the power consumption of the MN. Therefore, in the next section, we propose an efficient solution of a network-based fully DMM approach applicable for heterogeneous wireless networks.
III. AN EFFICIENT NETWORK-BASED FULLY DMM SCHEME
To overcome the problems of the previous fully DMM approach, we develop a network-based fully DMM scheme by excluding the MN from participation in any L2 MIH handover signaling and L3 PMIPv6 mobility signaling. The proposed approach can effectively reduce the burden and the power consumption of the MN which have limited resources and battery power. This approach proposes a Base Station (BS) or Access Point (AP) with MIH functionality (MIH-BS) to perform handover on the behalf of the MN [12] .
The operation of the efficient approach is illustrated by the signaling diagram in figure 3 . When the MN senses weak signal strength, the MN's L2 produces a local handover trigger. The MIH-BS of the serving MAAR knows about the MN weak signal strength through any physical or L2 standard messages between the MN and the base station depending on the access network technology. Then, the MIH-BS sends MIH_Link_Going_Down Indication to the serving MAAR network (PoS). The serving MAAR queries the Media Independent Information Server (MIIS) to retrieve information about neighbor networks through MIH_Get_Information request/response messages. The MIIS server provides all the necessary information to support Quality of Service (QoS) requirements for heterogeneous networks. The MIH-BS initiates the network-based handover by sending MIH_Net_HO_Candidate_Query request message to the serving MAAR network. Then, the serving MAAR checks the availability of recourses of the candidate networks through MIH_N2N_HO_Query_Resources request and response messages. The serving MAAR can determine the target MAAR based on the resources availability information of the candidate MAARs and notifies the MIH-BS by MIH_Net_HO_Candidate_Query response message.
The serving MAAR informs the target MAAR about the coming movement of the MN by MIH_N2N_HO_Commit request message, and the target MAAR responds with MIH_N2N_HO_Commit response. Then, the serving MAAR notifies the MIH-BS about the handover commitment by sending MIH_Net_HO_Commit response message.
At this stage, all the necessary information about the coming target MAAR is available to the serving MAAR, and at the same time the target MAAR also knows the address of the current serving MAAR, specifically form MIH_N2N_HO_Query_Resources request message.
The layer 3 handover procedure of modified PMIPv6 starts when layer 2 handover preparation phase of MIH completed and the MN attached to the target MAAR. The target/new MAAR then sends a PBU message to the previous MAAR to update the information of the previous MAAR. The Previous MAAR replies with PBA and then a bidirectional tunnel established to carry the data of the MN.
The new MAAR assigns a new IP address prefix to the MN to communicate directly with any new corresponding node (CN), while communicates with previous CN through tunnel between previous and new MAARs. The handover procedure finishes by exchanging two MIH complete request and response messages between the new and the previous MAARs. The following equation summarized the handover latency assuming zero delay between any two network entities in the same location such as between PoA and PoS.
HL Fully DMM-Efficient = D MN-tMAAR + 2D sMAAR-MIIS + 10D sMAAR-tMAAR
(2) 
IV. NUMERICAL EVALUATION
The most significant advantage of the proposed efficient approach compared to the common approach is the removal of any wireless signals between the MN and the access networks. The network entities in the efficient fully DMM approach performs all the necessary handover procedures on behind the MN participation. We investigate the performance evaluation of the efficient approach compared with the common approach considering the impacts of signaling cost, handover latency, and packet loss. The default delay parameter values are presented in table 1. Based on signaling diagrams in figures 2 and 3, the total signaling cost of the efficient approach compared with common approach is shown in figure 4 . It can be seen that the efficient approach gives lower signaling cost during the overall handover procedure than the common approach. This is because the efficient approach provides the best use of the wireless link resources by removing eight wireless messages over the wireless link.
The impact of the wireless link delay on the total handover latency for the two approaches is shown in figure 5 . This figure clearly shows the significant handover latency improvement of the efficient approach compared to the common approach as the wireless link delay increases. Figure  6 illustrates the variation of average delay between two neighbor cells/MAARs on total handover latency. The handover latency increases linearly with average delay increases and the same effect produces for the two approaches, even though the efficient approach removes eight wireless signals. Note that the efficient approach provides better handover latency than the common approach. The packet loss (PL) happens when there is no buffering mechanism and it is directly proportional to the handover latency, as expressed by the following equation:
PL= s.HL (3) where s refers to the average session arrival mean rate. Therefore, it is expected that the efficient approach will effectively reducing the packet loss compared with common approach during the handover procedure. The effect of average session arrival mean rate on packet loss is shown in figure 7 . The packet losses of the two approaches increases linearly with average session arrival mean rate increases. However, the efficient approach reports lower packet losses than the common approach.
V. CONCLUSION
In this paper we have developed an efficient mobility management scheme to overcome the problems of CMM scheme, the host-based approach, and also able to work effectively in future 5G heterogeneous wireless networks. A network-based DMM scheme has been developed by modifying the existing PMIPv6 and the MIH protocols and benefits from the capabilities of the cross layer design of layer 2 MIH and layer 3 PMIPv6 messages.
The main advantage of the proposed efficient approach is that the MN does not need to participate in any mobility relegated signaling. This can effectively reduce the processing requirement and the power consumption of the MN. Furthermore, the numerical evaluation shows that the efficient approach has clearly reduced the signaling cost compared with common approach as it removes eight wireless messages between the MN and the access networks. In addition to that, the handover latency of the efficient approach is much lower than that of the common approach, which also leads to reducing the packet loss of the efficient approach compared to the common approach. As a result, the handover performance of the proposed efficient network-based fully DMM approach outperforms the common approach during handover procedure.
